Lithium insertion into various iron vanadates has been investigated. Although the potential profiles change significantly between the first and subsequent discharges, capacity retention is unexpectedly good. Other phases, structurally related to FeVO 4 , containing copper and/or sodium ions were also studied. One of these, β-Cu 3 Fe 4 (VO 4 ) 6 , reversibly consumes almost 10 moles of electrons per formula unit (ca. 240 mAh g -1 ) between 3.6 and 2.0 V vs. Li + /Li, in a non-classical insertion process. It is proposed that both copper and vanadium are electrochemically active, whereas iron(III) reacts to form LiFe III O 2 . The capacity of the Cu 3 Fe 4 (VO 4 ) 6 /Li system is nearly independent of cycling rate, stabilizing after a few cycles at 120-140 mAh g -1 . Iron vanadates exhibit better capacities than their phosphate analogues, whereas the latter display more constant discharge potentials.
Introduction
As alternatives to the presently used positive electrode materials for lithium batteries, (mostly layered LiCoO 2 -type and spinel LiMn 2 O 4 ), numerous polyanionic compounds have been studied. Covering a very large range of compositions, these materials generally benefit from the polyanion inductive effect that increases the redox potential of the transition metal compared to that in simple oxides [1] . Following the seminal publication of Padhi et al. [2] , polyanionic frameworks associated with different transition metal elements have been considered. Among these, LiFePO 4 presents the most promising electrochemical performance, with safety, stability and cost advantages over the layered cobalt and nickel oxides [3] . Much attention was also given to Nasicon and anti-Nasicon phosphate [4, 5] and sulfate [6, 7] structures containing iron and vanadium. The most interesting materials comprise iron(III), titanium(IV), vanadium(V, III), and to a lesser degree, manganese(II, III, IV), niobium(V) and copper(II) [8] . Vanadate groups VO 4 3- and V 2 O 7 4-behave structurally like PO x and SO x polyanions, but vanadium may be electrochemically active, and therefore may contribute to theoretical capacity (Table 1) .
In this context, we decided to investigate some iron(III) vanadates. 
Results
Depending on the synthesis conditions, four allotropic forms of FeVO 4 can be prepared [15] . The lowest density form, type I, is the one prepared under atmospheric pressure, and is closely related to β-Cu 3 Fe 4 (VO 4 ) 6 , as discussed later. FeVO 4 -I was first isolated by Levinson et al. [16] , and its crystal structure was reported by Robertson et al. [17] . The structure consists of a 3-D packing of VO 4 tetrahedra, FeO 6 octahedra and FeO 5 trigonal bipyramids. The three independent iron atoms, two in distorted octahedra and one in a distorted trigonal bipyramid, are joined by VO 4 tetrahedra to create a doubly bent chain of six edge-sharing polyhedra. According to the 57 Fe Mössbauer study of Denis et al. [22] performed on the FeVO 4 /Li system, only the iron would be reduced when the composition "LiFeVO 4 " is reached. This is nevertheless not in agreement with the conclusions of Hayashibara et al. [24] , who proposed a two step process to reach the composition x = 1 in "Li x FeVO 4 ": 1) insertion of lithium into Li x FeVO 4 from x = 0 to x = 1/3, and 2) decomposition into Li 1/3 FeVO 4 , LiFeO 2 and VO 2 from x = 1/3 to x = 1. From a practical perspective, Fe 2 V 4 O 13 /Li presents the best capacity retention among the three systems, although the original discharge profile is never recovered in cycling (Fig. 2) .
We looked at the behavior of the structurally related compounds β-Cu 
Discussion and conclusions
As Poizot has shown [11] , parallels exist between the chemistry of vanadates and 22
